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I. Introduction
When we deal with wireless communication, then the environment, surroundings and terrain profiles between transmitter and receiver are the important factors that play an important role in wireless system design. Signal propagates in multiple paths and due to this multipath propagation receiver do not receive the exact signal which was transmitted and strength of the signal is weakened down and also some noise is added. Because each signal goes through multiple path and each path add some amplitude and phase attenuation due to terrain profile, so the received signal is the superposition of the signal through all multiple path. This results either constructive or destructive interference of the signal. This is known as fading. There is need to estimate the effect of these factors on a wireless system and then develop a mathematical model. [1] In M-QAM modulation technique, the constellation size M=2 b , where b is the number of bits transmitted. It means that in M-QAM techniques M symbols transmitted and each symbol transmits b=log2 (M) bits. We use 16-QAM modulation technique, it means that the constellation size M=16 and no of bits transmitted by each 16 symbols is b=log2 (16) i.e. b=4 bits.
In 16-QAM there are 16 symbols and each symbol transmit 4 bits ranging from binary 0000 to binary 1111.It means we transmitted 16 symbols consisting 4 binary bits of different amplitude and phase difference. A symbol is comprised of in-phase and quadrature-phase component. So we draw the constellation diagram of the transmitted symbols between the in-phase and quadrature-phase component to study the behavior of fading in the case of Rayleigh and nakagami-m fading channels with different values of nakagami factor (m). [2] In this paper the constellations for 16-QAM technique is investigated in the case of Rayleigh and Nakagami-m fading channels using a combination of theory and simulation. For 16-QAM simulation 1000000 bits are transmitted and then calculate the bit error rate in Rayleigh and Nakagami-m fading channels with different values of m. Graphs are drawn between the BER and the SNR required to transmit the signal. For constellation diagrams 100 errors are calculated and then draw constellation diagrams between in-phase and quadrature-phase component. It is then shown that more disperse constellation diagram serves more fading at lower SNR. When we increase the value of SNR, constellations are less dispersed and BER reduced.
II. System model
We consider 16-QAM technique in Rayleigh and nakagami-m fading channel with different values of nakagami factor (m). In our system model we assume that there is no direct line-of-sight (LOS) path between transmitter and receiver. We consider 16-QAM technique. The sampled baseband signal r (t) is given by [3] r t = ae jβ s t + n t Where a = fading amplitude β = phase of signal uniformly distributed between 0 to 2π n(t) = zero mean circularly symmetric complex Gaussian noise i. .Transmitted signal goes through various multiple paths. Due to this multipath propagation there is fluctuation and attenuation in amplitude of signal. Because the channel fading amplitude varying randomly due to the configuration of fading channels, so it is a random variable and it requires some distribution for channel modeling. In received signal, the channel fading amplitude may change with some distributions like as Rayleigh, Nakagami-m.
When the communication environment is so dense or obstructed then there is no direct line-of-sight (LOS) path. In this case when no direct LOS path is present, then the Rayleigh distribution can be used. According to Simon and Alouini [4] , in Rayleigh fading distribution the channel fading amplitude a is distributed as
Where a = fading amplitude ω= a 2 (mean square value of fading amplitude) P a (a)= Probability density function which is dependent on the nature of the radio propagation environment. For this Rayleigh fading distribution instantaneous signal-to-noise power ratio (σ) per symbol is calculated as
Thus the average SNR (σ ) per symbol is given as σ = ωE s N 0 The instantaneous SNR (σ) per symbol of the Rayleigh fading channel is distributed according to an exponential distribution given by
The nakagami-m probability distribution is given by
Where a = fading amplitude, m= nakagami parameter also called shape parameter on which the shape of nakagami-m distribution depends and it ranges 1 2 to ∞. ω= A parameter that controlling spread The mathematical formulas of parameter m and ω given by
Where E a 2 expectation of fading amplitude and Var[a 2 ] is the variance of fading amplitude.
III. Simulation Results And Discussion
In this section we present simulation results for the 16-QAM in the case of Rayleigh and nakagami-m fading channels with different values of m. In simulation, we have modeled the received signals by generating Rayleigh and nakagami variables for different values of m and then compare both with AWGN and calculate BER.
In Fig.1 constellation of transmitted symbols in case of the Rayleigh fading channel is shown at SNR 6 DB. Fig.1 shows that constellations are overlapping each other and more dispersed. It means that the effect of fading is more dominated at 6 DB SNR and BER is order of 10 −1 . Description of Fig.2 is same as the Fig.1 except this is for 10 DB SNR. In Fig.3 and Fig.4 the constellations are less dispersed in comparison of previous figures and obtained BER in order of 10 −2 . Fig.5 and Fig.7 and Fig.9 obtained BER in order of 10 −4 and 10 −5 respectively. In Fig.11 and Fig.12 there is very less dispersion, it means that fading is very less and we able to obtain the BER of order10 −6 . It is clear from the above figures when the SNR is increased the constellations are less dispersed and it means that the effect of fading is reduced and thus result lower BER. Fig. 12 shows a comparison of BERs of 16-QAM between both AWGN and Rayleigh fading channel. It is clearly seen in Fig.12 that AWGN channel requires less SNR around 11 DB to achieve the BER of order 10 −6 as compare to Rayleigh fading channel which requires more SNR around 54 DB to achieve same BER. Fig. 13 shows the constellation of transmitted symbols for nakagami-m fading channel with value of nakagami factor m=1 at SNR 6 DB and achieves BER of order 10 −2 . Fig.14 shows the constellation at SNR 10 DB and achieves BER of order 10 −3 . Fig.15 shows the constellation at SNR 16 DB and achieves BER of order 10 −6 .However, at SNR 16 DB BER is of order 10 −6 but transmitted signal is still faded so we need more SNR to improve the effect of fading. At 22 DB SNR the effect of fading less with compare to 16 DB SNR and the constellation are less spread, it can be seen in Fig.16 . Fig.17 shows Comparison of BER between AWGN and Nakagami-m channel with m=1 for 16-QAM .It shows that we need 5 DB more SNR in case of nakagami-m fading channel with m=1 to achieve the same BER of AWGN. 18 shows the constellation of transmitted symbols for nakagami-m fading channel with value of nakagami factor m=2 at SNR 6 DB and achieves BER of order 10 −2 . Fig.19 shows the constellation at SNR 10 DB and achieves BER of order 10 −2 . Fig.20 shows the constellation at SNR 16 DB and achieves BER of order 10 −5 .However at SNR 16 DB BER is of order 10 −5 but transmitted signal is still faded so we need more SNR to improve the effect of fading. In Fig.21 the constellations at SNR 22 DB are shown, it can be seen that at 22 DB SNR the effect of fading less with compare to 16 DB SNR and the constellations are less spread. Fig.22 shows Comparison of BER between AWGN and Nakagami-m channel with m=2 for 16-QAM .It shows that we need 7 DB more SNR in case of nakagami-m fading channel with m=2 to achieve the same BER of AWGN. Fig.24 shows the constellation at SNR 10 DB and achieves BER of order 10 −2 . Fig.25 shows the constellation at SNR 16 DB and achieves BER of order 10 −3 . Fig.26 shows the constellation at 24 DB SNR. However at SNR 24 DB BER is of order 10 −6 but transmitted signal is still faded. Fig.27 shows Comparison of BER between AWGN and Nakagami-m channel with m=3 for 16-QAM .It shows that we need 10 DB more SNR in case of nakagami-m fading channel with m=2 to achieve the same BER of AWGN. 28 shows the constellation of transmitted symbols for nakagami-m fading channel with value of nakagami factor m=4 at SNR 6 DB and achieves BER of order 10 −1 . Fig.29 shows the constellation at SNR 10 DB and achieves BER of order 10 −1 . Fig.30 shows the constellation at SNR 16 DB and achieves BER of order 10 −2 . Fig.31 shows the constellation at 20 DB SNR and BER is of order 10 −3 . Fig.32 shows the constellation at 22 DB SNR and BER is of order 10 −4 but transmitted signal is still faded as seen in figure constellations are dispersed and we need more SNR to transmit the signal. Fig.33 shows Comparison of BER between AWGN and Nakagami-m channel with m=4 for 16-QAM .It shows that we need 15 DB more SNR in case of nakagami-m fading channel with m=4 to achieve the same BER of AWGN. 34 shows the constellation of transmitted symbols for nakagami-m fading channel with value of nakagami factor m=5 at SNR 6 DB and achieves BER of order 10 −1 . Fig.35 shows the constellation at SNR 10 DB and achieves BER of order 10 −1 . Fig.36 shows the constellation at SNR 16 DB and achieves BER of order 10 −1 . Fig.37 shows the constellation at 20 DB SNR and BER is of order 10 −2 . Fig.38 shows the constellation at 26 DB SNR and BER is of order 10 −4 but transmitted signal is still faded as seen in figure constellations are dispersed and we need more SNR to transmit the signal. Fig.39 shows the constellation at 30 DB SNR and achieves BER of order 10 −6 . Fig.40 shows Comparison of BER between AWGN and Nakagami-m channel with m=5 for 16-QAM .It shows that we need 20 DB more SNR in case of nakagami-m fading channel with m=5 to achieve the same BER of AWGN. 
IV. Conclusions
In this paper, we simulated the 16-QAM modulation scheme over Rayleigh and nakagami-m fading channel and draw its constellation diagram to better understand the effect of fading with varying SNR.We also find the order of BER for Rayleigh and nakagami-m fading channel with varying m parameter (m=1 to m=5) and compare it with the BER of AWGN channel. Rayleigh fading channel need more SNR to obtain the same BER as AWGN channel. It is found that in nakagami-m channel the BER is increased with increasing m parameter value and it need more SNR to transmit the signal to obtain the same BER as AWGN channel.
